A well-constrained Rb/Sr isochron of secondary celadonites and carbonate from DSDP Hole 516F yields an age of 70.1 ± 1.6 Ma. This age is younger than the age of crust formation (about 82 Ma) and may provide evidence for a shortlived hydrothermal event on the Rio Grande Rise caused by a phase of off-ridge volcanism. The initial ^Sr/^Sr ratios of the celandonites and carbonate are lower than the contemporaneous seawater and indicate that the dissolved load of the hydrous solutions contains approximately 2% of basaltic component. K, Rb, and Cs contents in Hole 516F celadonites are similar to corresponding phases from DSDP Hole 417A, indicating that the upper crust at this site may represent a significant sink for seawater alkalies. The alkali ratios K/Rb and K/Cs of Hole 516F celadonites are also similar to the ratios in celadonites from 108-Ma-old crust at DSDP Holes 417 and 418. This correspondence shows that the K/ Rb and K/Cs ratios in seawater remained essentially constant during the Cretaceous, from 108 to 70 Ma.
INTRODUCTION
Site 516 of the Deep Sea Drilling Project (DSDP) was drilled near the crest of the Rio Grande Rise (Fig. 1) . Based on the magnetic anomaly pattern of the surroundng ocean floor, the oceanic crust at this site was formed during the Santonian/Coniacian, approximately 82 Ma (LaBrecque et al., 1977) . This age is probably correct within a few million years, but individual age constraints from magnetic anomaly patterns, fossil faunas, magnetostratigraphy, and 39 Ar/
4O
Ar studies are not well constrained (Cande and Rabinowitz, 1979; Weiss, this volume; Mussett and Barker, this volume; Berggren et al., this volume) . However, all evidences combined support this age quite well, indicating that basalts at Site 516 were formed on the Mid-Atlantic Ridge. The oceanic crust at this site was formed in very shallow water and subsided significantly after its formation (Barker et al., 1981; Barker, this volume) . Volcanic activity resumed during subsidence, as documented by a volcanic debris flow during the Eocene at DSDP Site 357 (Fodor and Thiede, 1977) and various ash layers throughout the core of Hole516F.
Basalts from Hole 516F are altered and contain abundant veins with secondary phases deposited by circulating hydrous solutions. For this chapter, we have determined the depositional ages of these veins. In •'normal" oceanic crust, significant hydrothermal systems develop only near the ridge crest (e.g., Elder, 1965; Anderson et al., 1977; Wolery and Sleep, 1976) . Such hydrothermal systems are very short-lived, and secondary phases deposited by these systems were successfully used to constrain basement ages (Hart and Staudigel, 1978; Richardson et al., 1980) . Seamounts or aseismic ridges such as the Rio Grande Rise, however, are characterized by off-ridge volcanism which is probably also accompanied by the development of hydrothermal systems. Vein minerals deposited from such hydrothermal systems may not constrain the original basement formation age, but they may provide age constraints for phases of off-ridge volcanism.
ANALYTICAL METHODS
We selected celadonite veins and a coexisting carbonate for Rb-Sr age determination. Phases were identified using X-ray powder methods and a Grandolfi camera. After crushing to a grain size of approximately 30 to 100 µm, the samples were briefly washed in distilled water to reduce any seawater contamination which occurred during drilling and recovery of the cores. Hand-picked mineral separates were ground in an agate mortar and analyzed for K, Rb, Cs, Sr, and 87 Sr/ 86 Sr using the methods of Hart and Brooks (1974) . Phase identification and analytical data are listed in Table 1 .
VEIN MINERAL DEPOSITION AT SITE 516
Rb/Sr and 87 Sr/ 86 Sr data are plotted on an isochron diagram, Figure 2 , and the best-fit age for all data is 70.1 ±1.6 Ma. Note that this age is strongly controlled by the high Rb/Sr sample #1. If this sample is excluded from the isochron regression, the age increases to 73.7 ±2.6 Ma; this age has a significantly larger uncertainty as a result of the smaller spread in the Rb/Sr ratio, but overlaps, within errors, the 70.1 Ma age derived using all of the data. We have shown previously (Hart and Staudigel, 1978) that clay mineral and carbonate alteration phases in ocean crust generally have different initial Sr isotopic ratios, and thus it may not be appropriate to include the calcite sample (#6) in the age regression. If the calcite is excluded, regression of the celadonite samples alone gives an age of 69.7 ±1.8 Ma, not significantly different from the age derived with the calcite included.
The Rb/Sr age of these Hole 516F alteration phases is significantly younger than the presumed 82 Ma age of basement formation. Either the hydrothermal activity associated with basement formation persisted for some 10 to 15 Ma, or these alteration phases were deposited during a second hydrothermal "event" which postdated basement formation by 10 to 15 Ma. Evidence for later phases of off-ridge igneous activity is found in the occurrences of volcanic ash layers in the sediment section at Site 516 and nearby DSDP sites. An Eocene volcanic debris flow is reported from Site 357 ( fig. 1 ; Fodor and Thiede, 1977) . Eocene igneous activity is also indicated by abundant ash layers in Cores 516F-40 to 83. Furthermore, ash layers are not restricted to the Eocene; there are more than 10% ash particles in smear slides from Cores 96, 114, and 124 (Site 516 chapter, this volume) . Sedimejits of Core 96 were deposited during the early/middle Maestrichtian, corresponding to an age of about 70 Ma, similar to the Rb/Sr age of alteration phases reported above.
The initial 87 Sr/ 86 Sr ratio of the Rb/Sr isochron (all samples) is 0.70699 ±10. If the calcite sample is excluded, the initial ratio increases slightly to 0.70702 ± 12. While many of the samples do not fit the isochron within experimental error (in terms of 87 Sr/ 86 Sr), the maximum deviation from the isochron is only 0.02%, suggesting that, to first order, all of these phases were deposited from hydrous solutions with very similar Sr isotopic composition. This uniformity is in marked contrast to the situation found for alteration phases formed during crust-formation processes on the Mid-Atlantic Ridge. Layer silicates from Holes 332B, 417A, 417D, and 418A show a large spread in initial Sr isotopic composition, with values always lower than the contem- Rb/Sr (wt.) Figure 2 . Rb-Sr isochron plot for secondary phases (celadonites and calcite) from DSDP Hole 516F. Data are from Table 1. poraneous seawater. Carbonates from these same sites, however, show isotopic compositions similar or identical to the ambient seawater (Hart and Staudigel, 1978; Richardson et al., 1980; Staudigel et al., 1981) . At Site 516, the calcite and celadonites have similar initial Sr isotopic ratios (about 0.7070), and both are significantly lower than the seawater of that age (about 0.70780; Hart and Staudigel, 1978) . Thus both the calcite and the celadonites were deposited from solutions which represent mixtures of about 2% basalt (100 ppm Sr; As discussed by Staudigel and others (1981) , seawater solutions which have hydrothermally interacted with basaltic crust will have lower Sr/Ca ratios than pure seawater, and this will be reflected in low Sr contents in precipitated carbonates. The Sr content of the Hole 516F calcite (88 ppm) is considerably lower than that expected for calcite precipitation from seawater (about 500 ppm), suggesting that the initial Sr ratio of this calcite was lower (more basaltic) than 70-Ma-old seawater. In other words, the Hole 516F carbonate reflects a hydrothermal system of lower water/rock ratio than that reflected by carbonate phases deposited during normal crust-formation processes. This contrast is most simply explained if the alteration of these rocks occurred in response to an off-ridge volcanic episode, at a time when some 200 m of sediment were already deposited, inhibiting communication between seawater and the hydrothermal circulation in the crust.
The layer silicates analyzed from Hole 516F have high K, Rb, and Cs contents, indicative of a large proportion of celadonite in these separates. In this respect, these samples are similar to the layer-silicates analyzed from Hole 417A (Staudigel et al., 1981) , and further document the concept that the oceanic crust is a very efficient sink for seawater-derived alkalies (Hart and Staudigel, 1982) . The K/Rb and K/Cs ratios of the Hole 516F celadonites are also very similar to the values in celadonites and analcites from Sites 417 and 418 (K/ Rb = 264 versus 276, and K/Cs = 34700 versus 32800). These ratios are dominantly controlled by the alkali abundances of ambient seawater (the basalt "component" in these minerals is limited to about 2% based on the 87 Sr/ 86 data), suggesting that alkali ratios in seawater have remained essentially constant from 108 Ma (Sites 417 and 418) to 70 Ma (Hole 416F).
